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(57) Abstract: An apparatus and method for achieving uniform low dark currents with CMOS photodiodes. A threshold voltage of 
W r f set FET is set to an appropriate value such that the dark current from a photodiode is actively removed through the reset FET during 
£^ signal integration. This reduces the dark current by over 3 orders of magnitude as compared to conventional active pixel sensors, 
1^ without requiring pinned photodiodes. 
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DETAILED DESCRIPTION OF THE INVENTION 
The following description is provided to enable any person skilled in the art to make 
and use the invention and sets forth the best modes contemplated by the inventor for carrying 
5 out the invention. Various modifications, however, will remain readily apparent to those 
skilled in the art, since the basic principles of the present invention have been defined herein 
specifically to provide an apparatus and method for achieving uniform low dark current with 
CMOS photodiodes. 

Figure 1 illustrates a three-transistor active pixel sensor 10 that can advantageously 
10 apply the teachings of the present invention. In the preferred embodiment, each pixel 10 
comprises a photodetector, such as a photodiode 12, which connects to a reset FET 14 and to 
a source follower amplifier FET 16. An access FET 18 connects the pixel output to a bus line 
20, which in turn connects to a column buffer 22. The bus line 20 connects all the pixel 
outputs in a column of a photodetector array to the column buffer. A CMOS imager may be 
15 formed by a plurality of active pixel sensors 10 arranged in rows and columns to produce a 
two-dimensional array. 

The photodiode 12 may comprise a substrate diode, for example, with the silicide 
cleared. In such an embodiment, which is preferred for compatibility with most CMOS 
processes, it is necessary to clear the silicide because it is opaque to visible light. Those 
20 skilled in the art will appreciate that the pixel 10 is preferably designed in the simplest form 
to obtain the largest available light detecting area while providing broad spectral response, 
and compatibility with standard CMOS production processes. 

For maximum compatibility with standard submicron CMOS processes the 
photodiode 12 may be formed at the same time as the lightly doped drain (LDD) implant of n- 
25 type MOSFETs for the chosen process; this creates n-on-p photodiode junction in the p-type 
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FIG. 1 




FIG. 2 
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